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ABSTRACT 
Increasing networked business brings complexities to information sharing, including the requirements for the quality 
information to use when needed. Information exchange becomes a significant routine but receives little attention. To address 
this, we propose a method based on Design Engineering Methodology for Organizations (DEMO) – a sophisticated 
methodology for organizational dynamics analysis – to assess the information exchange quality. A demonstration was 
accomplished within the Emergency Medical Service, where the information exchange is considered a key issue for the 
healthcare efficiency. Evaluation was carried out by means of interviews, the Four Principles from Österle, and the Moody 
and Shanks Quality Framework. Results prove the method yields an adequate and clear process view and is reliable when it 
comes to assessing and redesigning the information exchange. 
Keywords 
Operational Processes, Enterprise Ontology, Design Engineering Methodology for Organizations (DEMO), Information 
Quality, Emergency Medical Service (EMS). 
 
INTRODUCTION 
In a world of growing business dynamics, high rates of technological advances and organizational changes, organizations 
need to be continuously redesigned and reengineered in order to achieve strategic and operational success. These strong 
external forces and the need for transformation also challenge the information exchange across organizations, which become 
a significant routine.  
The quality of the information exchange is therefore an important topic for academic and practical research work. 
Organizations have been increasingly investing in technology to collect and process information. Even so, they still find 
themselves stymied in their efforts to effectively use the information to improve performance. The difficulty is often caused 
by the information exchange issues within the enterprise context such as the actors, the location, the object, the purpose, and 
so on. Information exchange is described as the activities of people and organizations passing information one another, 
during which process and information are the core components. Current approaches to improve the quality of the exchanged 
information are database or application focused. However, the enterprise context concept, such as the business processes, is 
lacking. Hence, we state our research problem as: the quality of information exchange in Emergency Medical Service has 
been inefficient, which affects its operational management. 
In this context, some authors identify the Enterprise Architecture (EA) and Organization Engineering (OE) as two main 
disciplines to describe organizations, understand the relationships and dependencies between the enterprise elements, manage 
its transformation process, deal with the representation/design of the organization, and to identify best practices and business 
patters (Gama et al., 2007; Laudon and Laudon, 2010). Although this problem could be addressed with redesign and 
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reengineering, some authors still argue that there is not a reliable method to solve it (Dietz, 2006). It is estimated that over 
70% of these initiatives tend to fail (Dietz and Hoogervorst, 2008; Lifvergren et al., 2010). There are three main reasons for 
this: 1) Lack of integration among the various enterprise elements at the design level; 2) Inability to deal with the enterprise 
dynamics at the operational level due to weak enterprise construction models; and 3) The need to change management that 
advocates the development of self-awareness within the organization (Henriques, Tribolet and Hoogervorst, 2010). 
In order to address this, our research proposes a methodology to improve information exchange quality based on Enterprise 
Ontology (EO) and a particular modeling methodology: Design and Engineering Methodology for Organizations (DEMO). 
We chose this approach as a foundation for our proposal as it provides a better understanding of an organization’s dynamics, 
has a strong and well-formed theory, allows a good alignment between the enterprise design and operation, and it also 
enables an unified reengineering strategy (Dietz, 2006; Reijswoud, Mulder and Dietz, 1999). Therefore, our research 
objective is to create a DEMO based method to help in assessing the information quality and redesign the organization 
in order to improve its efficiency. 
This study was conducted by using Design Science Research Methodology (DSRM) that aims at creating and evaluating 
artifacts to solve relevant organizational problems (Peffers et al., 2008). The presented DSRM artifact is a method within the 
Emergency Medical Service (EMS), which is considered to suffer from operational management weaknesses  (Christensen, 
Grossman and Hwang, 2009), and where the information exchange is a key issue for such dynamic time and information 
critical service. To bridge the gap, we apply the enterprise contextual based methodology to examine the information 
exchange quality: from the perspective of business processes and the quality of the information content.  
 
RELATED WORK 
Enterprise Ontology  
Enterprise Ontology (EO) is a theory that has its roots in the Performance in Social Interaction (PSI) Theory, and is perceived 
as a model for describing and understanding the enterprise construction and operation, which is fully independent of how the 
enterprise is implemented. It is an enterprise context based concept that is considered the highest conceptual model and helps 
ensure integrated enterprise. It also guides the transition from ontological models to construction models, which means that it 
assists in engineering activities (Dietz, 2006; Henriques et al., 2010). 
Unlike other methodologies, EO is considered to provide a deep understanding of the dynamics of an organization with a 
strong and well-formed theory that allows a good alignment between the enterprise design and the enterprise operation. Its 
particular methodology, DEMO, provides a structured working approach for modeling, (re)designing and (re)engineering of 
organizations by layering it into three parts, and focusing only on the one that refers directly to the complete knowledge of 
the enterprise – the Ontological or Essential Layer, which is considered to affect the other two layers (Informational and 
Documental), as illustrated in Figure 1.  
 
 
 Figure 1. The layered integration of an enterprise and its transformation activities (Reijswoud et al., 1999) 
 
Regarding DEMO methodology, it consists of four interrelated aspect models, represented by particular diagrams, lists and 
tables, as illustrated in Figure 2. The Construction Model (CM) details the identified transactions types and associated actor 
roles, as well as the information links between the actor roles and the information banks. The Process Model (PM) specifies 
the state and transaction spaces, and it is partially based on the information defined on the CM concerning which actor roles 
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perform the coordination acts. In addition, PM also contains the causal and conditional relationships between transactions, 
which determine the possible trajectories between transactions. The State Model (SM) specifies the information banks and 
the state space of the production world: the object classes, the fact types, and the result types, as well as the existential laws 
that hold. The Action Model (AM) specifies the action rules that serve as guidelines for the actors in dealing with every 
coordination step, which are grouped according to the distinguished actor roles. The bottom layers from the ontological 
triangle integrate concepts defined in the upper aspect models, as depicted in Figure 2. For further reading about the EO, 
DEMO methodology, and the four axioms significant to understand the methodology we refer (Dietz, 2006). 
 
 
 Figure 2. The ontological triangle with aspect models and diagrams of DEMO (Dietz, 2006) 
 
Given the complexity and inefficiency in healthcare industry, it is important to have this structured and schematic view as 
well as the other qualities mentioned above, which are considered to reduce the complexity of its models in over 90% (Dietz 
and Hoogervorst, 2008). Moreover, DEMO has many successful validations in the healthcare industry (Maij et al., 2002; 
Habing et al., 2001), and in business process reengineering (Reijswoud et al., 1999) due to its differentiated and structured 
working approach focused on the essential design of the organization. 
 
Information Quality and Assessment 
The concept Information Quality (IQ) has been used to a greater extent than in earlier decades, for instance, the effect of IQ 
on supply chain performance, the IQ analysis in cooperative information system (CIS) (Mecella et.al, 2002). Academic and 
practitioner researchers have produced several generic IQ frameworks; that is, they are intended to be applied to a very broad 
class of information systems (Lee et al., 2002; Cappiello et al., 2006). Since the trend of information systems have been 
migrating from hierarchical/monolithic to a cooperative based structure. The issue of IQ has become more complex and 
controversial as a consequence of this revolution. In the CIS, complex information exchanges processes within different 
operating sources are involved. As a consequence, the overall quality of the information flows across organizations can lower 
over time if there is no control over the quality of both information exchange processes and the information itself. The 
existing IQ assessment and improvement methodologies whether information-driven, where the quality of the information 
can be improved by directly modifying the value of information, or data process-driven, in which quality is bettered by 
redesigning the processes that create or modify information (Batini et al., 2008).  Studies of IQ in IOS domain with enterprise 
context strategy have not been undertaken.  
The literature provides a wide range of techniques to assess and improve the quality of information (Eppler et al., 2000). 
Overtime, these techniques have evolved to cope with the increasing complexity of IQ in the information systems. For the 
purpose of this paper, we analyzed on the existing IQ methodologies as our research foundation. In general, the sequence of 
activities of an IQ methodology is composed of basic steps. The most commonly addressed steps of the assessment are 
information analysis, IQ dimension identification, and measurement of quality (English, 2001; Pipino et al., 2002; Price et al. 
2005; Su et al. 2007), although these steps are carried out differently according to different methodologies. Those commonly 
addressed steps will be adapted in our research.  
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According to (Ge et al., 2008), IQ assessment is defined as the process of assigning numerical or categorical values to IQ 
dimensions in a given setting. They organize IQ assessment into three layers: the IQ metric layer, the IQ dimension layer, and 
IQ assessment methodology layer. The IQ metrics represent different IQ problems, and they determine how to evaluate data 
quality regarding those problems. The IQ dimensions are characteristics of the information such as accuracy, completeness, 
timeliness, and consistency, among others. These IQ dimensions are connected to corresponding IQ metrics. One dimension 
can be linked to multiple metrics and vice versa. The IQ assessment methodology layer contains IQ assessment models, 
frameworks, and methodologies. Components in this layer use a set of IQ dimensions to measure IQ.  IQ assessment 
methodology employs a set of IQ dimensions, which are linked to different IQ metrics.  
DEMO allows us to visualize and measure IQ dimensions. In DEMO, the State Model is the source of ontological knowledge 
about the production world, which is considered a suitable starting point for developing and maintaining the information 
architecture. It is considered a truly objective model as only the information items that are relevant for the operation of the 
organization are included, contrasting with other methodologies that include information wished by users (Dietz, 2006). 
 
METHOD: INFORMATION QUALITY ASSESSMENT USING ENTERPRISE ONTOLOGY 
This section corresponds to the design and development step of DSRM, in which we present an artifact to address the 
research problem. The proposed artifact is a method to assess the IQ within a specific business, followed by a redesigned 
architecture as improvement recommendation.  
The proposal starts with the Modeling Phase, based on DEMO to study an organization and its processes. To construct its 
diagrams, DEMO consists of a defined sequence of steps (illustrated in Figure 3), beginning with a textual or process 
representation of an organization, and ending with an aspect model. The sequence of steps is based on (Dietz, 2006) and is 
described in previous publications (Mendes, Ferreira and Silva, 2011). As mentioned, this phase provides a structured 
working approach for modeling and redesigning the organization, focused only on the Ontological Layer that is independent 
from implementation. In this research we will focus on the Construction and State Models. 
The IQ Assessment Phase follows the literature foundation of IQ analysis, dimension prioritization, and measurement. From 
the DEMO aspect models, these steps allow one to understand the structure and meaning of information, identify and 
prioritize the information dimensions (i.e. requirements and metrics), assess and quantify the identified dimensions, identify 
improvements, and finally, provide improvement recommendations, which can lead to organization redesign.  
 
 
Figure 3. Graphical representation of the proposed method 
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Having the organization redesign recommendations, a proposal with specific implementation strategies is prepared in order to 
take suitable actions to apply the improvements. Alternatively, one can deepen some analysis including more information in 
the Enterprise Description or producing other aspect models. To sum up, this method is based on DEMO to study and assess 
the Information Quality, including its contribution to achieve models considered formally correct, easier to analyze, and 
enabling a unified reengineering strategy. 
 
CASE APPLICATION IN EMS DOMAIN  
This section corresponds to the demonstration phase of DSRM. To demonstrate the method and show the feasibility of the 
proposal, we applied it to EMS units including the ambulance dispatch center and a hospital Emergency Department (ED) in 
Lisbon (Portugal). We chose this case application because the EMS is considered a time-critical information service since it 
is necessary to deliver emergency services as rapidly as possible, and there is a dependency of these services upon timely 
information from multiple organizations. Moreover, we wanted to assess if the proposed method is suitable to systematically 
evaluate the IQ, in order to prevent real-time information exchange inefficiency. 
To conduct the demonstration, we interviewed 5 patients and 10 practitioners (the ED director, physicians, nurses, and health 
services researchers), namely to obtain the enterprise description, business process documentation and some datasets. These 
data were collected through field visits on location at each participating organization as well as through follow-up phone and 
e-mail conversations. The need for the investigation arose because the organization experienced the symptoms of poor 
information control over routine tasks involving a mix of manual and automated processing regarding the delivery of pre-
hospital emergency care (i.e. poor document control, poor data tracking, and loss of an unacceptable number of information). 
Next, we present the most relevant steps of the method. We do not fully apply the six steps of the modeling phase due to 
space limitations. Nevertheless, these steps are demonstrated in previous publications (Mendes, Ferreira and Silva, 2011).  
Modeling Phase 
From the enterprise description we follow the steps of the proposal. During the Performa-Informa-Forma Analysis (2nd step 
from the method) there is a reduction of the complexity relativity to other methodologies, because only the identified 
Performa (or ontological) abilities are considered. The following steps define the transactions and actors. Their results  are 
presented below in the Actor Transaction Diagrams (ATD). 
 
 
Figure 4. Actor Transaction Diagram of the Dispatch Center and respective caption 
 
As depicted in Figure 4, new patients may ask for an ambulance (T1), which assists and transports them (T2). These two 
transactions are requested by an external actor, the patient. They are respectively requested to the registrar and the patient 
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handler. The handling of patients’ problems may lead to different actions: assessing the patients’ problems (T3), performing 
some medical assistance (T4), and routing patient to an emergency department (T5). Since these tasks have different 
responsibilities, three different actors are discerned: examiner, intervention performer and emergency department. In Figure 5 
we are just presenting the ATD for the ED, after the patients’ arrival. 
As represented in the second ATD (Figure 5), when patients arrive at the ED, they are registered to the hospital (T6); then 
they go through a triage process (T7); after that, patients’ problems are handled (T8); and finally, they are discharged (T15). 
These four transactions are requested by an external actor, the patient. They are respectively requested to the registrar, triage 
handler and patient problem handler. 
 
 
Figure 5. Actor Transaction Diagram of the Emergency Department 
 
The handling of the patients’ problems may lead to the following actions: performing some urgent internal examinations to 
the patients (T9); performing medical interventions to the patients (T11); performing supplementary examinations (T13); and 
consulting another external specialty (T14). Since these tasks have different responsibilities, four different actors are 
discerned: examiner, intervention performer, external examiner, and external service or specialist. The first two are internal 
actors, used for urgent examinations and interventions (i.e. specific interventions may need specialists, such as a surgery or 
psychiatry episode). The last two are used for non-urgent situations, such as some extended interventions or supplementary 
examinations. In addition, there are two transactions concerning the delivery of means (T10 and T12). 
In Figure 6 we present the Object Fact Diagram, which contains the categories, object classes, fact types, and result types. 
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Figure 6. Object Fact Diagram of the Dispatch Center and the Emergency Department with caption 
 
Information Quality Assessment Phase 
From the Modeling Phase, we can visualize and identify the information exchange path. Reports and documentation review 
allow us to identify the key information elements that are being exchanged and shared, such as patient information, injury 
information, treatment information, etc. In order to assess and measure the “right piece of information from the right source 
and in the right format is at the right place at the right time” (English, 2001), we profile the information in the context of 
what, when, who, where, and information format, shown in Table 1 below.  
 
Where Dispatch Center & Ambulance Emergency Department (Hospital Patient Records) 
What 
Fact and Result Type Object and Transaction Fact and Result Type 
Object and 
Transaction 
Injury location (patient address) Emergency Register (T1, T2) Injury location (patient address) 
Registered Patient 
(T4) 
Injury case (cause of injury, 
date/time) 
Emergency Register 
(T1, T2) 
Injury case (cause of injury, 
injury intent code, provider 
impression, co-responder safety 
equipment) 
Triage, Injury Case 
(T5, T6)  
Patient info (name, DOB, 
gender, medical card ID) 
Emergency Register 
(T1, T2) 
Patient info (name, contact, 
DOB, gender, medical card ID) 
Registered Patient 
(T4) 
Ambulance (operator ID, 
destination, license number) 
Emergency Register, 
Ambulance Dispatch 
(T1, T2) 
Ambulance (operator ID, 
license number, station number) 
Registered Patient 
(T4) 
Assessment and treatment 
information (blood pressure, 
PCR vitals, Glasgow Coma 
Score, etc.) 
Interventions Report 
(T2, T3, T4) 
Assessment and treatment 
information (blood pressure, 
PCR vitals, Glasgow Coma 
Score, etc.) 
Injury Case, 
Intervention and 
Examination (T6, T7, 
T9) 
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Ambulance dispatch (arrived 
scene date/time, care transfer 
date/time, level of service code, 
depart scene date/time) 
Ambulance Dispatch 
(T2)   
Who Registrar (Call taker, Dispatcher Officers) and Patient Handler (paramedics, ambulance crew, fire brigade) 
Registrar (secretary), Triage Handler (nurse), Patient 
Problem Handler (physician or nurse), Examiner 
(technician, nurse or caregiver) and Intervention 
Performer (specialist or physician) 
When Call received, Info received, Patient handled Patient on-way, Patient arrived, Patient handled 
Format Electronic records, voice records, paper records Electronic records 
Table 1. Profile of the exchanged information (with the Information Use Table adapted) 
 
Interviews were carried out with practitioners. The objective of the interviews we conducted was to test if the identified EMS 
specific IQ requirements matched the requirement information managing, and to find out which assessment plan to use with 
these requirements. Each interview lasted about 1.5-2 hours. The interviewee selection was based on the familiarity of IQ and 
information system, and information management. The main criteria guided the selection: (1) The respondents needed to 
have at least five years experience with EMS information management, (2) Their position in the development or use of 
information systems for multi-organization emergency response, and (3) Taken together the sample represents the main EMS 
organizations and the national authorities for pre-hospital and healthcare information evaluation. Prior to the interviews, a 
summary of this research and relevant information was given to the respondents. Validation here means that respondents 
checked the transcripts of the interviews for inconsistencies and judged whether or not the transcripts were a truthful account 
of the interview.  
The interview reveals how various information managers from different organizations have different knowledge on several 
IQ requirements. Almost all the respondents underline that the emergency organizations information systems and operation 
are designed, developed, and operated in a fragmented and separate way, making it hard to cope with IQ problems. To be 
able to compare the results of the various interviews, the text analysis application ATLAS.ti is used. ATLAS.ti can be 
classified as a qualitative text analysis application, which fits the results of the conducted semi-structures with the in-the-field 
experts. Another reason for using this tool is the ability to generate network views. Figure 6 illustrates the importance of the 
various IQ dimensions we discussed. The numbers in the boxes indicate the amount of respondents confirming the 
requirements as challenges. As a result, in the EMS case, according to the interviewed in-the-field professionals, Accuracy, 
Timeliness, Completeness, Consistency, and Understandability are the most important key IQ requirements.  
 
 
Figure 7. Visualize the information quality requirements 
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Once the information elements are analyzed and prioritized, we start to identify and prioritize the IQ dimensions and the 
related metrics for quality measurement. As identified in Figure 7, four IQ dimensions are required the most. A variety of 
methodologies are developed for the IQ assessment in the existing research. In this study, we deploy both objective and 
subjective assessment. The information being measured refers to Table 1. Summarized results of IQ metrics used in this case 
are displayed in Table 2. 
 
 
Table 2. Dimensions, Metrics, and Methodologies 
 
From the IQ assessment and measurement results, we can start analyzing the cause for the low quality information and the 
improvement plan. For example, in retrospective, collect and compare information records between emergency 
documentations in EMS authority and the hospital patient health record (PHR): 74% (37 out of 50) consistency rate between 
the ambulance notes and the hospital records; 55% (27 out of 52) timeliness rate of the critical patient information passed on 
to the hospital. An identified reason for this is that the EMS information system is not integrated to the hospital, and the 
information that goes to the hospital is voice and paper based. Another non-technical reason is that standardized patient 
handover and information exchange guideline is not addressed in the emergency room. Improvement recommendation then 
can be outlined accordingly. These indicate that incremental improvement can be made on the process (T2 in Figure 4) of 
patient information transmission on way to the hospital and the patient handoff in the ED.  
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EVALUATION 
This section corresponds to the evaluation phase of DSRM. To evaluate the proposed method and its results we used: a) 
Interviews with practitioners; b) The Four Principles proposed by Österle (Abstraction, Originality, Justification, and 
Benefit) in the design of an artifact (Österle et al., 2011); and c) The Moody and Shanks Quality Framework to evaluate the 
produced models (Moody and Shanks, 2003). We are using these validations and demonstrations as feedback to improve our 
method, as suggested in the DSRM to avoid the traditional descriptive and interpretative research (Peffers et al., 2008). 
The feedback from interviews (using the same practitioners referred in the demonstration) was rather positive because: a) 
They validated the importance of the research problem; b) They understood and agreed with the obtained models, which 
immediately revealed some possible improvements; c) The second phase allows them to find the problem area by profiling 
and measuring the IQ, which leads to an improvement plan; and d) Expert panelists confirmed the importance of the 
proposed methodology, promoting in more effective emergency response information exchange. Overall, there was a good 
acceptance and enthusiasm for this innovative approach.  
Then, the Four Principles from Österle were accomplished: a) The proposal can be applied to other service domains from a 
given enterprise description, as described in the Enterprise Ontology theory; b) The proposal is not presented in the body of 
knowledge of the domain since it was designed by relating different subjects, such as healthcare operational management, 
DEMO, and IQ Assessment; c) The proposal is supported by the related work, it provides a structured working approach with 
defined steps, and it was justified and validated in different approaches; d) The proposal provides a structured working 
approach, leading to novel and well-grounded improvements. 
From the Moody and Shanks Quality Framework, almost all the quality factors were accomplished (only the 
understandability was partially accomplished, and implementability was not). The first factor was in the beginning as the 
stakeholders found the models difficult to interpret, needing an adaptation period. The second one since models are 
implementation independent, as they only describe the essence of an organization. It might be also possible to adapt the 
general thrust of Burton-Jones et al. to validate the models’ theoretical completeness or internal consistency (Burton-Jones, 
Wand and Weber, 2009). Following Burton-Jones et al. and the conclusion from (Caetano, Assis and Tribolet, 2011), we may 
also conclude that DEMO and BPMN models approximately contain the same amount of information, and similar grammar 
performance, inline with the theories of ontological expressiveness. 
 
CONCLUSION  
As we observed in our research, the personnel involved in providing emergency response face numerous information 
exchange obstacles. Literature considers that the traditional organizational sciences fall increasingly short of helping 
organizations implement strategies effectively, due to their weak enterprise models, and lack of business process involved IQ 
management. Following this, our main objective was to create a DEMO based method to assess the information quality and 
redesign the organization in order to improve efficiency. 
A rich set of information was acquired from numerous practitioners at the Lisbon emergency units in Portugal, with a goal of 
bringing and examining suitable information quality solutions. The experts in the field of EMS that were involved in the 
studies cut across all aspects of these services and their insight formed the basis to further develop this method. Future work 
on EMS case should address the improvement plan according to the results.  
The preliminary results of this methodology with the EMS case study findings were presented and discussed at the academic 
research sites in Ireland and Portugal. It envisioned that the resulting method will be useful in driving requirements 
development for successful information exchange in the field of emergency response and other service domains. Evaluation 
has been carried out based on interviews, the four principles from Österle, and the Moody and Shanks Framework. 
Recommendations from research and practitioner experts indicate the directions for future work are to detail the improvement 
plan for the information exchange in EMS domain, and further redesign the organization. As for the method development, 
cross case validation is needed. 
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